In this work three surface treatments such as: polishing, sand-blast and polishedoxidized have been carried out on the hot-dip galvanized coatings. The roughness and corrosion resistance of coatings have been studied. Surface morphology of coatings has evaluated by scanning electron microscope (SEM). Corrosion behavior was analyzed by salt spray cabinet test and Tafel extrapolation test. The results showed that the sample under sand-blasted treatment exhibited the highest roughness number. Tafel polarization and salt spray cabinet tests reveal the sample with great roughness number have weak corrosion resistance. Difference observed in corrosion behaviour can be explained by difference in surface roughness.
Introduction
The zinc anticorrosion protection of steels is commonly used in different environments. In the both indoor and outdoor atmospheres, automobile and electrical home appliances the zinc protection has been used due to its excellent corrosion performance. In comparison to other typical coatings zinc layer demonstrates higher adhesion and additionally ensures cathodic protection to the scratched steel. The mentioned properties come from the structure of coated layer. Typical structure of Zn coating is composed from η, ζ, δ and Γ phases. For analysis of the zinc-coating structure created on iron alloys the basis is the Fe-Zn phase equilibrium diagram [1, 6] .
Surface preparation has the essential influence on the nature of the Zn coating and its corrosion resistance. The most popular treatment is abrasive blasting (shot and sand blasting) and the chemical treatment [3] .
In the presented work a multistage treatment -combination of these methods was applied. The aim of this work was to study the corrosion resistance of hot-dip galvanized coatings affected by surface preparation. Furthermore, the corrosion mechanism of coatings was discussed.
Experimental procedure
The materials used for this study were produced by MSC (Mobarake steel complex) in Iran, and had the composition listed in Table 1 . The coating thickness for all samples was the same and about 35μm. Production parameters such as rolling finishing temperature, coiling temperature, cold work percentage and annealing conditions were the same for all the steel sheets using in this study. All samples were degreased with alkaline detergent and toluene; they were kept in a desiccator up to starting the testes. The samples are marked based on surface treatments, polished sample (P), sandblasted sample (S-B) and polished-oxidized sample (P-O).
The samples of polishing treatment were polished using carbide papers from 80 to 1200 grit. Finally, specimens washed with ethanol and pure water, and then were polishing with 0.3 µm of Al 2 O 3 powder. The sandblasting treatment was applied according to Swedish standard Sa3. The oxidation treatment has carried out at 800 o C within 4 hours.
Salt spray tests were performed under the criteria established by ASTM B117 to study the galvanized specimens. The salt spray cabinet tests were conducted at room temperature. Cross section of the coatings was studied using scanning electron microscopy (SEM). The chemical composition of the coatings layers was determined using energy dispersive x-ray spectroscopy (EDS).
In order to gain an understanding for correlation between surface roughness and corrosion resistance, the surface roughness profile was measured with a Hommel tester mod. Tafel polarization tests were conducted in 3.5% NaCl solution at room temperature. A standard corrosion cell kit with the working electrode, two graphite counter electrodes and an AgCl reference electrode was used. Potentiodynamic scanning was performed by stepping the potential at a scan rate of 1 mv/s from -250 mv saturated calomel electrode (SCE) to 500 mv (SCE). Salt spray cabinet test was performed according to ASTM standard B117. The salt spray test was done in 5% NaCl solution at 35 o C. Fig.1 shows the microstructure of the non-treated sample coating. Four layers could be distinguished based on their relief. In most zinc coated cases, four distinctive layers have been observed. The properties of these layers strongly depended on product parameters such as chemical compositions of zinc. Fig.2 shows the SEM micrograph of polished-oxidized (P-O) sample, the oxidized thin film may be clearly seen in this micrograph. The EDS analysis result of the coatings distinguishes four intermetallic layers ( Table 2 ). Starting from the substrate, this zone is in content with the ferrous substrate, probably referring to the Γ layer phase of the Fe-Zn phase diagram. The following thicker layer, probably corresponds to the δ phase. The third layer is probably the ζ, whereas the last layer possibly corresponds to η phase (Figure 1) . Figure 3 shows the correlation between surface roughness and kind of surface treatments of coatings. According to this figure, it may be seen that surface roughness of coatings can be affected by surface treatments. The sand-blast (S-B) sample shows more roughness number than polished sample (P) and polished-oxidized (P-O) sample. The increasing in roughness number was caused by increased surface energy. These results approve I Corr results. Due to an oxidation barrier film (P-O) sample indicated better corrosion resistance. The barrier film prevented corrosion environment to reach the substrate [6] [7] . As it was mentioned increasing the roughness number augmented surface energy, increasing in surface energy has detrimental effect on the corrosion behaviour. In order to get some knowledge on the effect of surface roughness on the corrosion resistance of the zinc coatings systems, it is necessary to be familiar with the surface physicochemical properties. Since a high surface roughness is in equivalent to a high specific surface energy, and taking into account that a very rough metal surface has many active centers, most of the adhesion theories consider this surface as being very favourable for achieving a high adhesive strength with [8] [9] . However, it should be remembered that machining marks on steel surface may be energetically high giving rise to regions having a particular ability to assist in the metal dissolution process. A particularly pronounced surface roughness may cause a heterogeneous energy profile in the micro regions of the steel surface. This could lead to local differences in the remaining organic coating adhesion and also to an increase of the underlying metal corrosion due to the formation of corrosive species. The optimum coating adhesion should be analyzed depending on both the type of coating and the metal surface roughness [10] .
Results and discussion
Despite advantages of sandblasting treatment such as removing old paint, and remaining previous coatings, increasing in roughness of surface coating and residual stress have detrimental effect on corrosion behaviour [11] . The corrosion resistance was degraded by the increasing surface roughness, which was confirmed with Tafel polarization test and salt spray cabinet test. Pitting corrosion on the passive oxide layer was also observed with a salt spray test [12] [13] .
Conclusions
Increasing the surface roughness of hot-dip galvanized coatings would results in decreasing of corrosion resistance. Although the sandblasting offers wide benefits of surface cleaning such as removing of oil, residual coatings and pollution, the increasing of roughness could lead to a decreased corrosion behaviuor. Difference observed in corrosion resistance in Tafel and salt spray cabinet tests is the consequence of the difference in the surface roughness.
In the case of oxidized-polished sample, oxide thin film as a barrier layer prevented corrosion environment to reach the steel substrate. It was observed that barrier layer was an effective parameter in increasing corrosion resistance.
